Background: In this study, the measurement of job stress of electric overhead traveling crane operators and quantification of the effects of operator and workplace characteristics on job stress were assessed. Methods: Job stress was measured on five subscales: employee empowerment, role overload, role ambiguity, rule violation, and job hazard. The characteristics of the operators that were studied were age, experience, body weight, and body height. The workplace characteristics considered were hours of exposure, cabin type, cabin feature, and crane height. The proposed methodology included administration of a questionnaire survey to 76 electric overhead traveling crane operators followed by analysis using analysis of variance and a classification and regression tree. Results: The key findings were: (1) the five subscales can be used to measure job stress; (2) employee empowerment was the most significant factor followed by the role overload; (3) workplace characteristics contributed more towards job stress than operator's characteristics; and (4) of the workplace characteristics, crane height was the major contributor. Conclusion: The issues related to crane height and cabin feature can be fixed by providing engineering or foolproof solutions than relying on interventions related to the demographic factors.
Introduction
Electric overhead traveling (EOT) cranes are major materialhandling equipment used in heavy engineering industries. EOT crane operators operate cranes from the cabins and are responsible for unloading, transporting, and loading of various materials. Heavy loads, standardized layout for controls, sequential operations, and lack of training [1] are some of the organizational issues that can make crane operations a difficult and boring task. A study conducted by Eatough et al [2] demonstrated that a high level of role conflict, low job control, and low safety are associated with increased employee stress. Stress, in turn, is related to higher levels of musculoskeletal disorder symptoms of the wrist/hand, shoulders, and lower back. Therefore the operators' stress is influenced by work, workplace, organization, and individual factors.
The individual factors considered were age, education, experience, and job position, whereas the organizational factors considered were workload, role overload, role conflict, role ambiguity, poor career development, and poor interpersonal relations [2e5] . Work-related factors that can cause job stress are demand, control, support, relationship, role, and management of change [6e10] .
There is a relationship between major job-related stresses (e.g., workload, lack of control, and interpersonal conflict) and a set of various performance indices [11e13] . Job stress has a negative effect on health and wellbeing of the workers in an organization [14] . In a study, Rundmo [12] found some differences in perception of risk amongst employees working in various offshore installation platforms and noted that bad working conditions could lead to higher job stress resulting in work injuries. Staff burnout, a common reaction to job stress, could hamper the human performance, but that could be alleviated by recommended strategies as explained by Cherniss [15] . Some studies were also carried out on the job strain and depressive symptoms in men and women [16] . Wong et al [17] aimed to examine the role of work/nonwork conflict between firemen's job stress and job demand, job support, and family support by structural equation modeling using a questionnaire survey for data collection from 422 firemen. From the result of their analysis, they concluded that work/leisure conflict and work/family conflict mediate partially the relationship between job demand and job control, job support and job stress. The relationship between family support and job stress is fully mediated by work/leisure conflict and work/family conflict [17] . Psychological job characteristics accountable for psychological stress subject to organizational change are also the key factors for increasing the mental stress [18] . Through the literature survey, it has been found that the structural changes within company or any organization can create a set of work-related stressors such as increased job demands (working long hours, more work pressure, and others), less control level, role ambiguity, and more importantly, changes in opportunities for social support from supervisors (e.g., fewer managers, unavailability of proper guidance and recognition, etc.) [18] . Mental stress, which is dependent on these factors, could be augmented along with other consequential effects such as decreased commitment level, less job satisfaction, etc. [19e22] . Many researchers attempted to validate the previous findings on the relation between workers' mental health and job stress level by removing the impacts of unobserved time-invariant confounders [23] . The changing structure of work in society and many organizational factors are responsible for changes in job stress levels [24] . Sometimes, the nature of the work could also affect the level of job stress among workers. Therefore, allocation of work with clear and distinct roles and responsibilities is a necessary factor. Coping with job stress is a key concept in understanding people's adaptation to their work roles. To reduce job stress, Schaufeli [25] expounded a psychological process dealing with various kinds of job stressors called "coping". From this study, it is evident that coping with job stress could handle the stressors encountered during work time. This study illustrated the concept of dynamic interplay of the employee and job environment or work setting considered as stressful in terms of threat or harm [25] . Another research study by Ouyang et al [26] tried to highlight job satisfaction. It discussed the individual differences in emotional intelligence that could influence job satisfaction. Some studies also illustrated the concept of "burnout" caused by excessive and prolonged job stress [27] . Other criteria, such as the macroeconomy, also influence job satisfaction, employee engagement, and level of satisfaction [28] . There might be correlation between depression and work absence indicators that could help the researchers and clinicians adequately assess the job strain of workers in the workplace [29] . Belias et al [30] investigated role conflict, level of job satisfaction, and autonomy of employees in a Greek banking organization. Their findings confirmed that role conflict was negatively correlated with job satisfaction.
Over the years, researchers have been attempting to model job stress under varied conditions of work systems [6,8,31e33] . Four important models developed between 1980 and 2000 are detailed here, which would be helpful for developing the model for the present scenario. Cooper's model [32] considers a number of stressors, e.g., job demand, role in the organization, relationships at work, career development, organization structure and development, and homeework interface, which act as sources of stress on an individual. The job stress model as proposed by Addley [8] is represented as human performance curve. It demonstrates a threshold value of positive stress that is required for achieving good performance. However, increase in stress beyond the limit of positive stress threshold results in a drop in performance, exhaustion, and eventually, burnout or a nervous breakdown. The job stress model proposed by Palmer et al [6] emphasizes the importance of culture and its components as stressors. They considers six potential factors: demand, control, support, relationship, role, and change that are derived from organizational culture and shows that these are manifested into individual symptoms such as tension and high blood pressure and organizational symptoms such as absenteeism, reduced staff performance, and increased hostility. Srivastava and Singh [34] developed a questionnaire containing 46 questions to assess jobrelated stress and it is being used in the Indian subcontinent. Srivastava and Singh (1981) have given 12 subscales for job stress. They are role overload, role ambiguity, role conflict, unreasonable group and political pressure, under-participation, responsibility for the persons, powerlessness, poor peer relations, intrinsic impoverishment, low status, strenuous working conditions, and unprofitability.
Job stress studies vary by study design, data collection, and analysis schemes used [3,8,35e37] . The primary means of data collection is questionnaire survey [3, 8, 34, 37] . Job stress is not limited to any particular industrial sector and accordingly many studies, models and methods have been developed to deal with this issue. The underlying common technique is the cross-sectional study of questionnaires for the workers concerned. It could be a one-time, two-time (baseline and 12-month follow up) [38] or even three-time observation (baseline, 3-month and 12-month follow up) [39] .
The key issues in the job stress study that are yet to be resolved are measurement through questionnaire survey and analysis of survey data. Measurement of the job stress is context-and culturespecific and analysis includes both quantifying job stress and modeling its relationships with contextual variables. For example, it is recommended to use Srivastava and Singh's [34] model for Indian employees for modeling job stress in comparison with models developed elsewhere (e.g., Palmer's model or Cooper's model). It should also be noted here that because the contextual variables change over time and as does culture over long periods of time, the concerned models must be modified to suit the present day requirements. Another important issue is the quantification of contextual variables and their effect on job stress. Lee and Shin [40] have pointed out the problems in quantifying the influence of the contextual variables on the job stress, particularly due to large dimensions with complex relationships. Further, job stress questionnaire data analysis is still in its infancy state, primarily dominated by frequency analysis. Lee and Shin [40] have proposed to use data mining tools coupled with advanced statistical modeling.
Data mining tools provide several advantages over traditional statistical techniques. Data mining techniques, being nonparametric, do not require distributional assumptions. Further, ill conditions and overlapping datasets can be split effectively, e.g., using techniques like the classification and regression tree (CART). The other advantage is that if data contain structural zeros (obvious zero count because of the design of the variable considered), statistical methods often give erroneous results but data mining techniques like CART can overcome this problem.
Owing to the above problems, the present study is important for several reasons. First, it augments the analysis of job stress questionnaire survey data through advanced statistical models such as analysis of variance (ANOVA) and factor analysis. Second, it uses CART to model the relationship of contextual variables with job stress for EOT crane operators in an Indian steel plant. Finally, in this process the study not only modifies the job stress dimensions to measure the stress level of EOT crane operators in the plant studied, but it also provides avenues for EOT crane work system design.
The rest of the paper is organized as follows. In the Materials and methods section, the proposed methods are discussed along with their application to EOT crane work systems. The key findings and their implication and also the conclusions are discussed in the Results and Discussion section.
Materials and methods

Variables and instruments
Two types of variables are considered: the criterion and the predictor variables (Fig. 1 ). The criterion variables are the dimensions of job stress: employee empowerment (EE), role overload (RO), role ambiguity (RA), rule violation (RV), and job hazards (JH). The predictor variables comprise the demographic factors: age, experience, body weight, and body height of the crane operators and the task and workplace factors are exposure hours, cabin type, cabin features, and crane height.
To measure job stress, the Occupational Stress Index developed by Srivastava and Singh [34] was used as this was designed for shop-floor employees working in India. As Srivastava and Singh's questionnaire was developed in 1981, its relevance to present industrial situations is a bit questionable. Hence, a brainstorming study involving plant personnel, crane operators, expert managers, and occupational health and safety doctors of the plant was conducted to design a questionnaire more suitable for the study. In addition, models of the job stress such as the one developed by Cooper [6, 8, 32] were critically reviewed to formulate the proposed model. Five subscales are proposed: EE, RV, RO, JH, and RA (Fig. 1) . Then, the original 46 questions of Srivastava and Singh [34] were judicially split across five modified subscales as shown in Appendix 1.
Sample and data
A cross-sectional study was conducted involving 76 EOT crane operators, operating 33 cranes in the cold rolling mill under flat product rolling of an integrated steel plant in India. A crane operator was engaged in moving heavy objects on the ground by sitting in the crane cabin at a particular height (30, 40, 
or 60 feet).
The relevant data to capture demographic variables, working conditions, and job stress were collected using two sets of questionnaires: (1) the questionnaire of occupational stress index (OSI), and (2) the questionnaire developed in this study to capture the demographic information and the working conditions of the crane operators. Data collection was done either at the beginning or at the end of the shift with the help of trained personnel. The purpose of the study was explained and confidentiality was ensured to all the crane operators before collecting their data. Supervisors were not included in the study as the answers given by the operators might be biased in their presence but their prior consent was obtained. To reinforce the confidence of the crane operators, one occupational health and safety doctor was included in conducting the questionnaire survey.
Initially, 46 questions were considered and the 12 OSI subscales were determined as per the scheme provided by Srivastava and Singh [34] . Most of the subscales suffer from negative Cronbach a, which necessitates revision of the dimensions as well as the questions. Moreover, as the number of dimensions was large (12 in number), factor analysis of the original 46 questions based on the 76 respondents was carried out. Both unrotated and rotated factor analyses were done but no clear cut factor patterns were identified. This may be attributed to the small sample size compared with the number of questions. Increase in sample size was prohibitive from time, cost, and conventional point of view as the work was done in industrial setting. This necessitates the use of the researchers' knowledge in predefining the factors (dimensions) with appropriate manifest variables. The validity of the modified dimensions with indicator questions was determined by computing Cronbach a coefficient values for each of the dimensions, which are 0.65 for EE, 0.61 for RO, 0.62 for RA, 0.62 for RV, and 1 for JH ( Table 1 ). The Cronbach a coefficients are above the acceptable level (>0.60, Nunnally [41] ). These 37 questions are comparable with the job stress questionnaire with 30 questions developed by Addley [8] and are found to cover all the fields affecting the job stress.
Model and analysis
In this study, all the predictor variables were made categorical in nature. For example, age was measured in three categories namely, operators 35 years of age, operators with age between 36 and 45 years (age was converted into nearest integer), and operators above 45 years of age. The criterion variable job stress and its subscales Fig. 1 . Relationship model for job stress with demographic, task, and workplace factors. EE, employee empowerment; JH, job hazard; RA, role ambiguity; RO, role overload; RV, rule violation. were used as a continuous variable (using summated score) or categorical (based on quartile values). The job stress model answers the following two questions: Question 1: Are there differences amongst the predictor categories of each of the variables in explaining job stress or its subscales?
Question 2: What is the relative degree of influence of each of the predictor variables in explaining job stress synergistically?
To answer the first question, the ANOVA model was used. As there were eight predictor variables with 19 categories altogether, and because of practical limitations, ANOVA was conducted separately for each of the variables as all the variable categories collectively create combinations of zero frequency. These zero frequency cells (combinations) are known as structural zeros, which distort the estimation process and are better to be avoided. For the same reason, no parametric statistical tools (e.g., logistic regression) were used to answer Question 2; instead, CART, a nonparametric technique was used to answer it.
For ANOVA, the data structure is shown in Table 2 . For example, the predictor variable age is grouped into L levels (i.e., Age1, Age2, ...., AgeL) and n l (l ¼ 1, 2, .., L) observations on the predictor variable level l, are collected. Now, with respect to Table 2 , an observation y li can be written as
Where, g l is the main effect of the l-th level (category) of the predictor variable. ANOVA tests the following hypothesis:
H 1 : y l sy m for at least one pair of (l, m) combination.
A test statistic F was used to test H 0 with a level of significance a which was set equal to 0.05 (i.e., a ¼ 0.05).
If H 0 is rejected, one can conclude that the criterion variable job stress differs across the predictor variable categories.
To answer Question 2, CART [42] was used. It provides a decision tree using binary recursive partitioning algorithm. The tree consists of three types of nodes namely, root node, internal nodes, and leaf nodes. For example, if one wants to predict job stress as a categorical variable with three classes namely, low, medium, and high level of stress with the help of predictors such as age, experience, and other demographical variables and/or with workplace factors, the root node starts with the criterion variable (job stress in this case). The root node is then split into two nodes taking into consideration one of the predictors (e.g., age). These two nodes can either be treated as internal or leaf nodes where the leaf node is the end node that cannot be split further but the internal node can be split further with the help of one of the predictors. In this manner, the recursive split continues.
CART involves three steps namely tree growing, stopping, and prediction. For growing, the steps involve: (1) find each predictor's best split, (2) find each node's best split, and (3) split a node using the best split. The best split is determined based on impurity criterion where impurity is a measure of lack of homogeneity of a node in separating the classes of the criterion variable. To measure impurity the Gini index [43] as defined below was used.
Where, p[ijt] denotes the fraction of records belonging to class i at a given node t and c is the number of classes. The best split is the one which possesses the least impurity. Generally the splitting continues until the improvement in impurity due to additional splits is not significant. To augment the accuracy of the CART model 10-fold crossvalidation was performed. In 10-fold cross-validation, the whole data set is divided into 10 numbers of subsets. Each time a subset (sample) is dropped and the model is developed using rest of the data. The model is then used to predict the values of the dropped out subset and misclassification rate is computed. Then the sum of errors over 10-fold cross-validation is estimated. The process is repeated and finally the tree with the smallest estimated error rate is selected.
It should be noted here that multiple linear regression (MLR) could be used to model the situation as the dependent variable (job stress) is continuous in nature. We have adopted CART for two reasons: (1) we have categorized the job stress variable into three groups, i.e., operators with "low job stress", "medium job stress", and "high job stress". It helps in decision making by classifying operators into three broad groups and taking actions for high stress group of operators. MLR is not applicable for categorical dependent variable. (2) To avoid the problem of normality and homoscedasticity assumptions of MLR. CART, being a nonparametric approach, is able to handle ill-conditioned data and nicely partition them across the predictor groups. Another alternative could be logistic regression for categorical dependent variable but it suffers from the parametric assumptions of the log-odds transformation.
Results and discussion
The results obtained from ANOVA model are shown in Tables 3  and 4 .
From Tables 3 and 4 , it is seen that majority of crane operators are in the age group of 35e45 years (69.70%) and weight >65 kg (55.26%). Almost 47% have work experience of more than 5 years and 52.63% are more than 5 feet 6 inches (1.68 m) tall. The majority of crane operators (77.6%) use type B crane cabin, whereas only 22.4% use type A crane cabin. 51.3% operators operate with movable crane cabin whereas 48.7% operate with a static cabin. 69.71% crane operators operate at a crane height of 30 feet and 77.6% are exposed to work for 36 h/wk.
On comparing total and subgroup stress scores with operators' demographics and workplace characteristics, ANOVA suggests that significant differences in stress scores prevail in the following areas:
Between operators weight groups ( 65 kg and >65 kg) for EE, Between type A and type B cabin type for RA, Between movable and static cranes for JH, Among different crane heights for total job stress, EE, and RO, and Among exposure periods for RA and JH.
Whereas ANOVA was used to find out the effect of individual predictors on job stress and its dimensions separately, CART was used to determine the collective effect of the predictors on the overall job stress levels of the EOT crane operators. To develop the CART model, the overall job stress was divided into three categories as per the following rules.
Rule 1: If an operator's job stress score is less than or equal to the first quartile value, the operator is subjected to a low level of job stress.
Rule 2: If an operator's job stress score lies within the interquartile range, the operator is subjected to a medium level of job stress.
Rule 3: If an operator's job stress score is greater than or equal to third quartile value, the operator is subjected to a high level of job stress.
The classification tree map structure is shown in Appendix 2. Appendix 2 Fig. 1 represents the overall tree structure where the nodes are represented using numbers. Because the original tree structure is very large in size to be represented in a single page, the original tree model has been shown in parts in subsequent figures. The classification trees for job stress of the crane operators are shown in parts starting from Appendix 2 Fig. 2B .
Because the data samples collected were only 76 in number, bootstrapping was done before developing the CART model. The bootstrap sample size was 1,000; 10-fold cross-validation was done for increasing the classification accuracy. To determine the contribution of individual predictors on job stress, CART calculates importance score for each of the predictors. The important scores of the predictors are shown in Table 5 . It can be noted that age, crane height, cabin feature, operator's weight, operator's experience exposure time, and cabin type are important factors contributing to the development of job stress on the crane operators. The relative importance of these factors is also derived based on normalized importance, which is computed as a ratio of individual importance to the maximum importance of the predictors ( Table 5 ).
The predictive ability of CART is measured using a classification table (see Table 6 ). For the study, CART correctly classified 76.7% of the overall cases.
The study results show that crane operators differ in stress related to EE for demographic predictor age, body weight, and workplace predictor crane height. An interesting proposition regarding body weight-and EE-related stress is that operators with lower body weights suffer from higher stress levels. This may be because of the fact that the less obese operators have higher agility, which makes them more active and hence look for higher empowerment. However, operators of 30 feet high cranes feel more stress related to EE, which is of concern to the company studied. To improve this, major interventions may be needed. Management should look into the matter as to why operators of 30 feet high cranes suffer from EE-related stress. One of the reasons could be the nature of the job. As operators of 30 feet high cranes carry out routine jobs of placement of materials at the ground level, they find it monotonous.
Although RV is perceived to be an important component of job stress, none of the predictor variables shows a significant relationship with it. This nonsignificant relationship may be interpreted that a certain level of RV may be an acceptable fact across the EOT crane operators irrespective of their job profile. The RVs can be reduced with engineering and administrative interventions. Operators working in 30 feet cabins have more RO-related job stress compared with operators working in 40 feet and 60 feet height cranes. In consideration of JH, static cabin operators perceive more JH as compared with movable cabin operators. One of the reasons could be that the movable crane operators have more flexibility to maneuver the machine and hence feel more secure to combat any hazard-related situations as compared with static cabin operators.
Finally, the CART model indicates that operator's age, crane height, cabin feature, operator's weight, experience, exposure time, and cabin type are important factors that collectively contribute to the development of job stress in crane operators. Therefore management should consider the collective effect of the predictors while designing interventions for reducing job stress.
It should be noted here that some of the predictors considered could be dependent on themselves or there could be confounding effects. The problem of confounding can be handled in CART with proper selection of the method of tree construction, amount of pruning, and use of resampling methods such as bootstrapping. In addition, the problem of confounding is lessened as CART often implicitly deals with interactions and nonlinearities.
In this study, a job stress model was developed for capturing significant predictors of job stress amongst EOT crane operators. The model considered five dimensions of job stress namely EE, RO, RA, RV, and JH. The association between the predictors and the overall job stress and its dimensions was tested. Operator's age contributed the most, followed by cabin height, cabin feature, operator's weight, and operator experience. The assumption that the operators working at a higher crane heights (e.g., 60 feet) will face more job stress as compared with the operators working at lower crane heights (e.g., 30 feet) was not established in this study. A closer comparison into the facility provided for 60 feet versus 30 feet cranes revealed that operators of 60 feet high cranes operate with movable cabin for fewer (24 h/wk) exposure hours as compared with the operators of 30 feet high cranes who work with a static cabin for 48 hours of exposure. Hence, it is essential for the management to ensure that the operators are not exposed to all these situations simultaneously. They should provide interventions, at least, to one of the categories to reduce the job stress on the operators. Among the job stress dimensions, poor EE causes more stress and the operators' weight and crane height are the major differentiating predictors. EE can be related to the control and support dimensions of job stress developed by health and safety executive, UK (HSE, 2001). The higher job stress related to poor EE can be tackled by allowing operators to control their pace of work, and providing support through developing skills and knowledge of the jobs assigned. The dimensions RO, JH, and RA impose demand on the work. A certain level of demand is necessary but beyond a limit, it causes job stress [8] . Hence, improved EE can act as an energizer resulting in higher work compatibility under high demand crane operations, which in turn reduce the job stress. This supports the concept of work compatibility developed by Genaidy et al [44] . In summary, this study supports the existing concepts and models as discussed above and in addition, it brings out a few new predictors of job stress for EOT crane operators such as crane height, cabin feature, and crane type, which are not reported in the job stress literature.
Although the study contributes in developing and testing the job stress model for EOT crane operators, it is subjected to certain limitations that should be kept in mind while implementing the research outcomes. First, the study incorporates empirical research methodology, which is governed by the data collected from the field. Questionnaire-based perception data on job stress are used. Use of self-reported questionnaire data may provide biased information because of lack of understanding or perception. The results from the study as obtained are subjected to the adequacy of the questions used and reliability of the responses provided. As the study is carried out at a particular location, findings cannot be generalized to all parts of the working system. More replication studies are required. Finally, inclusion of a comparison group within a similar work environment may provide a better idea of the job stress of crane operators and its relation with work conditions. It is believed that data mining is useful and is was shown that the problem studied deserves the use of CART. Bootstrapped samples were used for CART and thereby the problem of small sample was taken care of. The study shows the successful application of CART. It is also to be noted that a parametric hypothesis-based study (e.g., MLR or logistic regression) could have been done, but may be considered as the scope for future researchers to make a comparative study of CART, MLR, and logistic regression for the evaluation of job stress.
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